S tudieS of outcomes in pediatric neurosurgery can demonstrate treatment effectiveness. They have the potential to enable pediatric health care providers, patients, and patients' families to make informed decisions. Since the Patient Protection and Affordable Care Act (PPACA) was signed into law in 2010, there has been a renewed focus on physician reimbursement and, in particular, a shift toward pay-for-performance reimbursement. This overhaul to the health care system has prompted all participants, insurance companies, hospitals, and regulatory bodies to push for cost-effective and evidence-based treatments. Outcome studies will provide the data necessary to assess patient-reported and familyreported outcomes. This information may drive utiliza- obJeCtive The emphasis on health-related quality of life (HRQOL) outcomes is increasing, along with an emphasis on evidence-based medicine. However, there is a notable paucity of validated HRQOL instruments for the pediatric population. Furthermore, no standardization or consensus currently exists concerning which HRQOL outcome measures ought to be used in pediatric neurosurgery. The authors wished to identify HRQOL outcomes used in pediatric neurosurgery research over the past 10 years, their frequency, and usage trends. MethoDs Three top pediatric neurosurgical journals were reviewed for the decade from 2005 to 2014 for clinical studies of pediatric neurosurgical procedures that report HRQOL outcomes. Similar studies in the peer-reviewed journal Pediatrics were also used as a benchmark. Publication year, level of evidence, and HRQOL outcomes were collected for each article. results A total of 31 HRQOL studies were published in the pediatric neurosurgical literature over the study period. By comparison, there were 55 such articles in Pediatrics. The number of publications using HRQOL instruments showed a significant positive trend over time for Pediatrics (B = 0.62, p = 0.02) but did not increase significantly over time for the 3 neurosurgical journals (B = 0.12, p = 0.5). The authors identified a total of 46 different HRQOL instruments used across all journals. Within the neurosurgical journals, the Hydrocephalus Outcome Questionnaire (HOQ) (24%) was the most frequently used, followed by the Health Utilities Index (HUI) (16%), the Pediatric Quality of Life Inventory (PedsQL) (12%), and the 36-Item Short Form Health Survey (SF-36) (12%). Of the 55 articles identified in Pediatrics, 22 (40%) used a version of the PedsQL. No neurosurgical study reached above Level 4 on the Oxford Centre for Evidence-Based Medicine (OCEBM) system. However, multiple studies from Pediatrics achieved OCEBM Level 3, several were categorized as Level 2, and one reached Level 1. CoNClusioNs The frequency of studies using HRQOL outcomes in pediatric neurosurgical research has not increased over the past 10 years. Within pediatric neurosurgery, high-quality studies and standardization are lacking, as compared with contemporary studies in Pediatrics. In general, although the HOQ, HUI, PedsQL, and SF-36 instruments are emerging as standards in pediatric neurosurgery, even greater standardization across the specialty is needed, along with the design and implementation of more rigorous studies.
tion of the most effective patient-centered neurosurgical treatments in children and ensure that treatment quality is maintained and not sacrificed in the face of rising economic pressures. 9 Current outcome studies in pediatric neurosurgery frequently report patient demographic data, clinical and operative data, and complication rates, but few report healthrelated quality of life (HRQOL) outcomes using validated tools. Robust HRQOL outcomes data are important for clinical outcome and cost-effectiveness studies, because they most closely reflect the basis of treatment-to improve quality of life for the patient. The purpose of our study was to perform a thorough review of HRQOL outcomes instrument use in the pediatric neurosurgical literature, in an effort to highlight trends and pattern usage. Our aim was for the results to aid authors deciding among HRQOL measures for clinical studies, or professional societies and governing bodies drafting guidelines to standardize the use of HRQOL outcomes measures in pediatric neurosurgical research. We used HRQOL articles in Pediatrics as a benchmark for citation and content analysis. To the best of our knowledge, no bibliometric analysis of the pediatric neurosurgical literature with a concentration on HRQOL outcome use has previously been published.
Methods
Three top pediatric neurosurgical journals (Journal of Neurosurgery: Pediatrics, Child's Nervous System, and Pediatric Neurosurgery) were identified by readership and impact factor. The titles of all clinical studies published in these journals between 2005 and 2014 were reviewed on PubMed. Likewise, the journal Pediatrics was chosen as a control; published clinical articles during the same period were reviewed using the online Pediatrics archive. This nonsurgical journal was chosen as a benchmark comparison due to breadth of readership and on the assumption that it provides a good representation of publishing trends within the pediatric field in general. Neurosurgical articles were included if the title referred to a surgical procedure in a clinical study with outcomes measured by any HRQOL outcomes tool. The total pool of articles for the Journal of Neurosurgery: Pediatrics, Child's Nervous System, and Pediatric Neurosurgery was 2106, 2753, and 789, respectively. Over the same time period, there were 8420 articles published in Pediatrics. Articles in Pediatrics were included if they referenced any HRQOL outcomes tool or measurement of QOL. If these criteria could not be clearly assessed from the title alone, the abstract was reviewed for references to HRQOL measures. Using the title as the primary screening method ensured that identified articles emphasized the reporting and analysis of HRQOL measures. Articles meeting these criteria were reviewed in full. The title, author, year of publication, sample size, general diagnosis, and HRQOL outcomes instruments used were recorded for all reviewed articles.
After a careful review of the abstracts, we assigned a level of evidence (LOE) according to the definitions provided by the Oxford Centre for Evidence-Based Medicine (OCEBM) (http://www.cebm.net/ocebm-levels-ofevidence/). In brief, articles were assessed to determine what row of the OCEBM table they aimed to address, and then they were matched to an LOE column based on study design. This resulted in an assigned LOE. If we were unable to assign a value from the abstract, the entire article was reviewed. Articles of all LOEs (1-5) were included in our study. To further guide our assignment of LOE values, both the background and introductory documents provided by the OCEBM were used. In the event that there was a rating discrepancy between the authors of the current paper, the article was jointly reviewed, and an agreed-upon rating was assigned.
This study included articles in which the diagnosis of any pediatric neurosurgical disorder such as hydrocephalus, brain tumor, and spina bifida was discussed. Articles in Pediatrics included the full gamut of diagnoses, such as psychological trauma due to bullying, congenital heart disease, and depression, which are incorporated in the practice of any pediatric subspecialist. Trends in HRQOL outcomes usage over time were reported. The number of HRQOL outcomes studies in each journal was reported, along with the frequency of each LOE.
Data analysis
Descriptive statistics, including mean, standard deviation, standard error, and confidence intervals, were computed as necessary. Differences in the mean number of publications and publication proportions of HRQOL studies between journals were detected using the t-test and ztest, respectively. Linear regression analysis was used to determine trends over time for the number of publications with HRQOL instruments. The p values were considered significant at < 0.05. Analysis was done using SPSS Statistics (version 21, IBM Corp.).
results
Over the past 10 years (2005-2014), the Journal of Neurosurgery: Pediatrics (11 articles), Child's Nervous System (18 articles), and Pediatric Neurosurgery (2 articles) published a total of 31 articles primarily reporting the use of HRQOL instruments. In the same study period, Pediatrics published 55 articles in which HRQOL tools were used. The mean number of publications per year using HRQOL instruments differed significantly between Pediatrics and the neurosurgical journals (5.5 vs 3.1, p = 0.02). Figure 1 shows the trend of HRQOL outcomes use in the pediatric neurosurgical journals over the past 10 years. The number of publications using HRQOL instruments showed a significant positive trend over time for Pediatrics (B = 0.62, p = 0.02), but did not increase significantly over time for the 3 neurosurgical journals (B = 0.12, p = 0.5). Child's Nervous System published the most neurosurgical HRQOL outcomes studies, comprising 18 (58.1%) of the 31 articles. Overall, Pediatrics accounted for 55 (64%) of 86 total studies that used HRQOL outcomes. Figure 2 demonstrates the number of articles published in each journal.
Publishing rate
When we compare the total number of HRQOL articles published between Journal of Neurosurgery: Pediatrics (the pediatric neurosurgical journal with the highest impact factor) and Pediatrics (our benchmark) over the study period, we can get a sense of the proportion of studies using HRQOL instruments that are being published. There were 2106 articles published in the Journal of Neurosurgery: Pediatrics; 11 articles (0.52%) addressing HRQOL topics were identified. Over the same time period, Pediatrics (8420 total articles, 55 identified as addressing HRQOL) had a statistically higher proportion of 0.65% (p < 0.05).
outcome instruments, Frequency, and loe
Overall, a total of 46 different HRQOL outcomes instruments were identified in our analysis of the literature. Many of these HRQOL outcomes used unvalidated tools created by authors for the particular study. Furthermore, several papers used multiple measures. The most common of these are categorized by type in ). An LOE of 1-the highest level of evidence-was not found in any of the pediatric neurosurgical articles (Fig. 5 ).
Discussion
The use of HRQOL outcomes instruments has not changed significantly in pediatric neurosurgical studies over the past 10 years. Although increased emphasis throughout the health care industry has been placed on measuring patient QOL, the use of HRQOL instruments in articles published in our best pediatric neurosurgical journals (such as the Journal of Neurosurgery: Pediatrics) does not compare favorably to high-quality studies published in Pediatrics during the same time period. Through the passage of the PPACA, physician and hospital reimbursement have been tied to patient-reported outcomes. The HOQ and the 36-Item Short Form Health Survey (SF-36) have emerged as frequently reported HRQOL outcomes tools in pediatric neurosurgical research. However, the frequent use of multiple uncommon, unnamed, and unvalidated instruments reflects the lack of standardization in the use of HRQOL instruments in pediatric neurosurgery.
Definition of Outcome Measures
Self-reported health outcomes aim to measure subjective HRQOL or health status from the viewpoint of the population or patient group itself. 30 In the case of children or adolescents, this can be accomplished either by asking the children themselves for responses or by using proxy responders such as parents. 12, 30 Self-reported health outcome measures came into being as a result of several factors. 12, 30 First, it is increasingly recognized that traditional biomedical outcomes needed to be supplemented by measures that take the patient's experience and concerns into account, particularly with regard to surgical diseases and associated treatment, where the intention is often to improve functioning and general QOL. 7, 9, 35 Second, it is increasingly considered appropriate and desirable for patients' preferences and wishes to be taken into account in decision-making concerning their health care. 30 Third, health care budget and policy makers face relentlessly rising pressure on resources. This has led to the growing use of cost-effectiveness evaluation, requiring evidence of benefits perceived by patients and their families, physicians, health care payers, and society as a whole.
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Challenges in Measuring hrQol in Children
A number of key issues and definitions 30 have an important bearing on the scope of this analysis. First, instruments can be classified as disease-specific or generic. Disease-specific measures, such as the HOQ, have been developed specifically for use with patients who have particular conditions or illnesses. These will be very relevant when comparing disease-specific results but will be limited in their ability to generalize to a broader pediatric population. On the other hand, generic instruments, such as PedsQL, are designed to measure aspects of health that are of universal importance. Therefore, they are appropriate for use across different patient populations and are potentially applicable to multiple pediatric populations, surgical or not.
Another key point is whether HRQOL outcomes instru- ments assess single dimensions of QOL, such as physical functioning, versus multiple dimensions such as physical health, mental health, and social well-being. The content of generic instruments has expanded to include social and emotional aspects of health as well as existential issues, aligning with the broad WHO definition of health: "a complete state of physical, mental, and social well-being, and not merely the absence of disease or infirmity."
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As with adult counterparts, 9 no uniform consensus on the theoretical framework for defining HRQOL in children 30 has been reached. Moreover, the question of whether children have the same underlying concept of QOL as adults, as well as whether "adult" instruments can be adapted and extrapolated for the pediatric age group, is unresolved. 30 That is, in the adult age group, QOL is often associated with functional independence and economic productivity. Yet these measures may be irrelevant to a child's and a parent's perception of QOL. In addition, there have been major concerns about the accuracy and acceptability of parent-proxy ratings of pediatric patients' HRQOL. 10, 15, 17, 25 assessments using hrQol in Children with Neurodevelopmental Disorders A review 23 of pediatric neurology HRQOL outcomes measures identified studies in the area of epilepsy, 5, 8, 11, 24 spinal dysraphism, 20 sequelae of prematurity, 26-29 brain tumors, 3, 4, 6, 13, 14 and headaches. 17, 18 The studies of epilepsy, neural tube defects, and headaches have used diseasespecific HRQOL measures, whereas studies of the sequelae of prematurity and of brain tumors applied global HRQOL instruments using specifically the HUI systems. 23 The utility of other generic HRQOL instruments for children or adolescents has not been clearly tested in patients with neurodevelopmental disorders. 1, 2, 21, 31, 32, 34 Although there is considerable overlap between patient populations treated by pediatric neurologists and those treated by pediatric neurosurgeons, very few pediatric neurosurgical clinical studies use the HRQOL tools mentioned above. 22 This serves as a call for future pediatric neurosurgical research to be more rigorous in incorporating HRQOL outcomes.
instrument summaries
The PedsQL
This instrument is designed with a core set of 23 generic questions, with additional disease-specific modules. Core questions focus on multidimensional aspects of health. It is appropriate for a child to self-report from ages 5-18 years and for parents to proxy-report for children and adolescents ages 2-18 years. Administration time can be less than 5 minutes. High reported reliability (> 0.88) has been noted. Multiple language translations are available.
The HOQ
This tool is a 51-item questionnaire designed to capture the most significant health aspects in children living with hydrocephalus. It is a multidimensional assessment looking at physical, social, emotional, and cognitive aspects. A 10-to 15-minute administration time is typical, and the HOQ has a high reported reliability (> 0.88). 
The HUI
This patient-reported outcome is a family of generic preference-based systems for measuring comprehensive health status and HRQOL. It is multidimensional, providing a score for each dimension of health and a HRQOL score for overall health. Each dimension has 3 to 6 levels. The HUI systems describe nearly 1 million unique health states. Overall, HRQOL scores are on the conventional spectrum: dead (0.00) to perfect health (1.00). Multiple language translations are available. Its creators recommend HUI for children age 5 years or older.
The SF-36
This instrument is a nondisease-specific short-form survey with 36 questions, yielding an 8-scale profile of functional health and well-being. The questions assess multiple indicators of health, including function, distress and well-being, and self-evaluations of health. First released in its standard form in 1990, it has been used in numerous studies and countries since that time. The publishers of the SF-36 do not recommend its use in studies of children; instead, they suggest using the Child Health Questionnaire.
limitations of the study
Due to the sheer volume of articles published among the 4 reviewed journals during the chosen time period, not all articles could be read at length. Thus, we decided to select papers with a focus on HRQOL as reflected in the title and/or abstract. It is entirely likely that additional papers included some measure of HRQOL within the body of the results, but it was not feasible to search for all of these; therefore, there may be a bias toward underreporting the total use of HRQOL instruments in all published articles. Using the title as the primary tool for identifying target articles forced the focus to be on papers whose main topic was HRQOL.
Additionally, we restricted our review to 3 top pediatric neurosurgical journals and 1 large general-audience pediatric journal. Our aim was to compare the output of our field against a broader context, not necessarily to compare directly with other surgical subspecialties. Whereas a direct comparison with other pediatric surgical specialties may have resulted in more favorable results, it misses the intent of the paper, which was to examine an overall evolving trend in pediatric publications.
The difference in publication rates between the 3 surgical journals and 1 general pediatric journal may reflect editorial differences in the types of submitted or accepted papers. Unfortunately, we have no way to determine the difference between papers addressing HRQOL outcomes submitted for publication versus those that are ultimately accepted, and how that may differ between journals. Regardless, in this new evolving age of outcomes-based medicine, we would argue that as surgeons, we should be intimately involved in determining not only how to define and measure our own outcomes, but also what exactly "good" outcomes are for our specialty. Leaving such considerations to groups or individuals outside of pediatric neurosurgery seems short-sighted at best and dangerous at worst.
Conclusions
In this bibliometric analysis, we have demonstrated a scarcity of HRQOL outcome studies in pediatric neurosurgical research over the past 10 years, and have quantified the frequency of the most-used instruments. The results are disappointing at best; at worst, they show a striking disconnect between the forces that will shape the future of health care delivery and our field's understanding of the importance of participating in the conversation. By comparison, studies published in Pediatrics show a tendency toward greater use and more consistently applied measurement tools. In today's health care environment-cost conscious and patient centered-there is a need for more clinical studies using validated HRQOL outcome tools. Furthermore, there is a need to standardize HRQOL outcome measures used in pediatric neurosurgical research. We hope that this study provides the background data for that purpose.
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